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A Case-ControlStudy of HantavirusPulmonarySyndromeduringan Outbreak
in the SouthwesternUnited States
Paul S. Zeitz,* Jay C. Butler, James E. Cheek,
Michael C. Samuel, James E. Childs, Lee A. Shands,
Richard E. Turner,Ronald E. Voorhees, John Sarisky,
Pierre E. Rollin, Thomas G. Ksiazek, Louisa Chapman,
Susan E. Reef,* Kenneth K. Komatsu,Craig Dalton,*
John W. Krebs, Gary O. Maupin, Kenneth Gage,
C. Mack Sewell, Robert F. Breiman, and C. J. Peters

Division of Field Epidemiology,Epidemiology Program Office, and
Divisions of Bacterial and Mycotic Diseases, Viral and Rickettsial
Diseases, and Vector-BorneInfectiousDiseases, National Centerfor
InfectiousDiseases, Centersfor Disease Controland Prevention,Atlanta,
Georgia,and Fort Collins, Colorado;Headquarters West, Indian Health
Service,Albuquerque,and New Mexico Departmentof Health, Santa Fe,
New Mexico; Navajo Area Indian Health Service, WindowRock, and
Arizona Departmentof Health Services, Phoenix, Arizona; Colorado
Departmentof Health, Denver

In May 1993, an outbreakof hantaviruspulmonarysyndrome(HPS)occurredin the southwesternUnitedStates.A case-controlstudydeterminedriskfactorsforHPS. Seventeencase-patientswerecomparedwith3 groupsof controls:membersof case-patienthouseholds(household
controls),membersof neighboringhouseholds(nearcontrols),and membersof randomlyselectedhouseholds^24 km away(farcontrols).Investigators
trappedmoresmallrodentsat case
householdsthanat near(P = .03) or farcontrolhouseholds(P = .02). Afterthe numberof small
rodentswascontrolledfor,case-patientsweremorelikelythanhouseholdcontrolsto handplow
confidenceinterval[CI],1.1-143.0) or to cleanfeed storageareas
(oddsratio[OR], 12.3;950Zo
weremorelikelythannearcontrolsto plant(OR,
CI, 1.7-666.0).Case-patients
(OR,33.4;9507o
more
than
far
controlsto cleananimalsheds(OR, 11.9;950Zo
9507o
and
6.2;
CI, 1.1-34.0)
likely
activities,andan increasednumberof small
CI, 1.4-103.0). Peridomesticcleaning,agricultural
rodentsat the householdwereassociatedwith HPS.
Hantavirusesare trisegmented,single-strandedRNA viruses of the family Bunyaviridae[1-3]. Five hantaviruses
with distinct clinical and epidemiologicfeatureshave been
characterized:Hantaan,Seoul, Puumala,Dobrava,and Prospect Hill. Each has a single rodent species as its primary
reservoir.Hantavirusesare primarilytransmittedto humans
by inhalationof aerosolizedrodent urine, feces, or saliva or
particulatescontaminatedby rodent excreta [4, 5]. Rarely,
infection from rodent bites or scratcheshas been reported
[6]. The incubation period of known hantavirusesranges
from 4 to 42 days (average, 12-16) [1-3]. Person-to-person
transmissionhas not been documentedwith any hantavirus.

In May 1993, an outbreakof illness characterizedby a
prodromeof fever and myalgiafollowed by abruptonset of
respiratorydistressand subsequentlytermedhantaviruspulmonarysyndrome(HPS) was identifiedin the southwestern
United States [7, 8]. Virtuallyidentical genetic sequences
RNA extractedfrom
wereamplifiedfromhantavirus-specific
tissues of case-patientsand rodents (Peromyscusmaniculatus) capturedat their households,providingdirect evidence
that a previouslyunrecognizedhantaviruswas the etiologic
agent [9]. During the epidemic period,an interagencyteam
conducted a case-control study to identify risk factors for
HPS to assistin formulatingpreventionstrategiesand to develop hypothesesfor futureinvestigation.
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Subjects and Methods
Casedefinition. Suspectedcasesof HPSweresolicitedfrom
clinicians, medical examiners,and infection control practitionersthroughfacsimiles,mailings,newsletters,and the media
and werereportedto countyand statehealthdepartments,the
IndianHealthService,and the Centersfor DiseaseControland
Prevention.A case of HPS was definedas clinicalfindingsof
unexplainedadult respiratorydistresssyndrome,unexplained
bilateralpulmonaryinterstitialinfiltrateson chest radiograph
and oxygen saturation<90%on room air, or autopsyresults
compatiblewith noncardiogenicpulmonaryedema with no
otheridentifiablecauseof deathin a residentof New Mexico,
Arizona,Utah, or Colorado,with onset of symptomsduring1
of a recent
confirmation
Januaryto 19July 1993andlaboratory
hantavirusinfection.
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Laboratory evidence of a recent hantavirus infection in humans was established by one or more of the following: positive
serology (presence of hantavirus-specific IgM, ^4-fold rise in
IgG titer, or both) as measured by ELISA, positive reverse transcription-polymerase chain reaction for hantavirus RNA, and
immunohistochemistry reactive for hantavirus antigen using
methods previously described [9-11].
Case-controlstudy. Case-patients were matched with persons ^10 years old in each of 3 control groups: noninfected
members of the case household (household controls; n = 98),
noninfected members of the household closest to the case household who agreed to participate(near controls; n = 70), and noninfected members of a randomly selected household ^24 km
(1.6 km in urbanareas) from the case household (far controls; n
= 80). Control households were matched with case households
by location (urban or rural and on or off an American Indian
reservation). Each control subject was asked to submit a blood
specimen to be tested for evidence of hantavirus infection.
A standardquestionnaire was used to collect data during personal interviews with case-patients and controls. Interviews
were done during June and July 1993 to obtain information
about activities during the 6 weeks before illness onset for casepatients and for the same period for matched controls. Surrogate
interviews were conducted with a close family member for casepatients who had died. Interviews were in the subjects' primary
language (English, Spanish, or an American Indian language).
Interviewerswere not blinded to the case status of interviewees.
During June through August 1993, rodents were trapped in
and around case and control households and tested for serologic
evidence of hantavirus infection using methods previously described [12]. The number of small rodents captured at each
household was adjusted for trapping effort and the number of
traps lost or sprung without capturinga rodent using the following formula: number of small rodents trapped = [number of
?
traps set (number of sprung traps X 0.5)] number of traps
missing.
Statistical analysis. Univariate odds ratios and 95% confidence intervals were calculated by using a separate conditional
logistic regression model for each independent variable. Exposure variables with P ^ .25 in the univariate analysis were included as candidate variablesin multivariateconditional logistic
regression models. For each of the 3 control groups, models
were constructed to test the association between HPS and each
of the following: rodent-human contact, agriculturalactivities,
peridomestic cleaning activities, occupation, and host factors.
Models controlling for the number of small rodents were constructed for the near and far control comparisons. A backward
stepwise procedurewas used (removal criteria,P ^ . 15;, reentry
criteria,F^ . 10). Variablesretained in any of these models were
combined into single stepwise models for each control group.
The final logistic regression models were rerun to include records with missing values on variables not retained in the stepwise models. The Wilcoxon signed-rank test was used to compare differences between the number of small rodents trapped
and the seroprevalenceof cross-reactivehantavirusantibodies in
Peromyscusanimals at matched case and control households.
Data were entered into Epi-Info (version 5.01; CDC, Atlanta)
and analyzed by STATA (release 3.0; Computing Resource
Center, Santa Monica, CA).

Table 1.
controls.
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Demographic characteristics of HPS case-patients and

Case-patients

Household
controls

Near
controls

Far
controls

10(59)
7(41)

48(49)
50(51)

42(60)
28(40)

44(55)
36(45)

79 (81)

Hispanic
Unknown

11(65)
5(29)
1(6)
?

13(13)
3(3)
3 (3)

50 (71)
13(19)
7(10)
?

67 (84)
13(16)
?
?

Age, years
Medianage
Range
Total

35
13-68
17

33
10-99
98

30
10-88
70

35
11-82
80

Sex
Female
Male
Race
AmericanIndian
White

NOTE. Data are number{Jc)unless statedotherwise.

Results
Of 21 eligible case-patients, 17 case-patients or their surrogates agreed to participate. The clinical course of 13 of the 17
case-patients has been previously described [8]. The median
age of the case-patients was 35 years (range, 13-68). One to
4 cases occurred in each 2-week period from mid-March to
mid-July. Ten case-patients (59^) were female, and 11
(65%) were American Indian. Sixteen case-patients (94*^)
lived in a rural area, and 1 lived in a small town (population
^5,000)
[13] but visited a rural area each weekend. Ten
case-patients (59*^) resided on American Indian reservations; of these, 5 (50*?))were female. Thirteen (76^) case-patients died and surrogate interviews were conducted.
Four additional case-patients who resided in a single household declined to be interviewed. They were 20-27 years old,
were American Indian, and had onset of symptoms during
April and May 1993. Two of these patients died of HPS. This
was the only instance of clustering of ^2 patients within a
household.
Case-control study. Of 282 eligible controls, 251 (89*)
agreed to participate. Of participating controls, 236 (95*)
tested negative for a recent hantavirus infection; 12 controls
(5*) were not tested. Two near controls and 1 far control
(1.3* of all controls tested) had a detectable IgG antibody,
suggesting past infection, and were excluded from the analysis. None showed serologic evidence of a recent hantavirus
infection. Controls were similar to case-patients with respect
to sex, race, and age (table 1).
Univariate analysis identified 22 exposure variables with P
< . 1 when cases were compared with ^ 1 of the control
groups (table 2). Age and sex were not associated with HPS.
Case-patients were more likely than any control group to
trap rodents in or around their household and to have handled dead mice; they were more likely than near and far
controls to observe mice around the exterior of the home. Of
the 60 persons who attempted rodent trapping, 55 reported
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P

.002.03.01

.08

.009 .6 .1

.02

.2

.1

.1 .09

.1

.008
.08.05.04

.05

.03

.06.004
.3

CI
95%

1.7-430.4-4.7
1.2-12.8
1.1-129.0
1.5-32.3
1.2-90.0
1.0-16.0
2.6-57.4
2.7-228.0
0.8-26.3
0.8-9.3
0.8-13.0
0.7-108.0
2.2-204.0
0.01-0.9
0.8-7.8 1.3-21.0
0.8-116.0
0.9-24.0
0.6-9.50.8-10.0
0.3-100.0

OR

3.86.9
12.1

controls
Far

4.6

1.42.5

8.5

(26)(49) (20) (12) (42)(31)
(%)
No./total

P

5.3

2.4

(21)

2.7

2.78.9

3.2

(13) (28)(1)

(8)

9.6 0.1
21.3 4.0

5.1
11.7 10.4 4.725.0

(9) (3) (4)

(22)(26) (3)

9/76 32/76
9/72(13)
20/77
37/75 15/77
24/78

1/78 6/78 1/77(1)
1/76(1)
2/79
7/79
3/79
10/77 22/78
16/76 9/76(12)
17/76
20/77 2/77 11/77(14)

.01.02.03

.01

.6

.4

.10.05

.5

.6

.002

.03

.01.21.02.09

.4

.4

.006.02.4

CI
analysis.

95%

1.0-13.0 1.4-17.0
1.5-131.0
1.5-22.7
1.3-20.0
1.3-30.2
1.6-49.0
1.2-15.8 0.4-9.30.5-6.22.4-193.0
0.4-76.0
0.2-56.0
0.3-6.50.5-8.10.8-11.8
0.4-6.00.4-5.12.5-62.0 1.3-125.0
0.02-1.4

OR

5.85.06.1

controls
Near
univariate
in

1.5

1.9

3.13.6

(28)(55) (33) (34) (23)(29)

HPS

(%)
No./total

with

P

14/68(21)
19/69
38/69 23/69 24/70 16/69
20/70

4.8

1.5

1.4

(19) (22)

12.4Und. 12.8 8.95.54.40.16 2.0

(12)

(3)

(4) (3)

1.7

(28) (10) (26)

3.5
21.314.2

(6)

1/70(1)
1/70(1)
8/69
4/70
0/69 2/69 3/69
2/70
13/70 15/69 13/70(19)
11/70(16)
19/68 7/70 18/70
arthritis.

.02.03.28

.23

.9 .8

.4

.6

.01

.02

.02.2

.09

.003
.23.05

.3

.2

.005.02.09

associated
Cl
factors
for

95%

controls

Cls)
OR
(95% Household

(%)
No./total

intervals

unspecified
1.5-157.0
1.3-14.0
1.0-11.7 0.3-48.0
1.4-28.0
1.3-21.6
1.2-22.6
0.7-183.0
2.4-75.0
0.4-72.0
0.7-9.42.8-276.0
0.8-29.0
0.4-77.0
0.4-9.00.2-3.6
0.5-14.5
0.5-11.6
0.3-4.4 0.4-5.11.7-61.0
arthritis,
5.35.22.4

2.8

0.91.2

2.0

1.4

10.2 6.2

4.25.6

4.8

13.55.13.4Und. 3.6

2.5

27.815.111.4
rheumatoid

(29)(26)(65) (28) (32) (36)(37)

(29) (8)

35/95
59/91 26/92 29/92 33/92
24/93
27/93

27/93

(20)(1)

(5)

(4) (2)

(15) (10) (19) (4) (5) (1)

1/98
1/93
5/98
2/92 14/92 9/93 18/93 4/98
7/93 10/93(11)
19/95 5/93 4/93
22/89(25)
erythematosus,

confidence
95%

(59)(60)(82) (41) (53) (47)(47)
(%)
8/17
9/15
No./total 10/17
14/17 7/17 9/17 7/15
Case-patients

and
in

(ORs)
ratios
Odds
2.
Table

(53)(13) (25) (29)(12)(47)(6)

(18) (35) (24)(24)(6)

lupus

1/17
1/16 3/17 6/17 4/17
5/16(31)
8/17
5/16(31)
2/17
4/17
9/17
2/16 4/16 5/17
7/16(44)
disease,

in
in
in
thyroid
home
around
animal
areas areas
sleep
around
in
crop
where problem
home
undefined.
droppings
asthma,
maintained
at
around
mouse
contact
nights
farming assist
storage
storage
structures
activities
are
activities
Und..,
or animals
squirrels
rodent>2
medical
chipmunks
mice
disease
maker
births
dead
domestic
food feed structures
allergies,
plow
a
rodents
factors
birthshome
home adjacent
animals
disorders*
home home home
e.g.,
Mechanical
Plant
*
Hand
Animal
NewbornHerder
ArtistNOTE.
Observe
Thyroid
Autoimmune/hyperimmune
Jewelry
Handle
Observe
Observe
Traveled
CleanCleanClean Chronic
Trap
Observe
Observe
Host
Peridomestic
Agricultural
Occupation
Rodent-human
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success. Human contact with other types of domestic or wild
animals, whether alive or dead (rats, chipmunks, rabbits,
prairie dogs, cats, dogs), was not associated with HPS. Sixteen case-patients (94*) trapped rodents, observed rodents
or their droppings in or around their household, or handled a
dead mouse. The surrogate of 1 case-patient reported that
the case-patient was scratched by a mouse. Harvesting pinon
nuts and gathering of pinon nuts from rodent nests were not
associated with HPS, and few cases or controls reported these
activities.
Case-patients were more likely than persons in each control group to hand plow using a shovel or hoe and to plant a
domestic crop. Mechanical plowing, rototilling, or animaldriven cultivation was not associated with HPS. Case-patients were more likely than household and near controls to
report their occupation as herder. However, specific herding
activities were not associated with HPS. Each of the 4 casepatients who reported their occupation as herder were American Indian. Occupation as a rancher, farmer, or construction
worker was not associated with HPS. Twelve case-patients
(71*) did hand plowing or planting or reported their occupation as herder.
Case-patients were more likely than near or far controls to
clean areas used for food storage in the household. Within
case households, case-patients were more likely than household controls to clean adjacent structures (outbuildings)
where food, grain, hay, or straw are stored or to clean adjacent structures where animals are kept. Seven case-patients
(41*) reported cleaning either type of structure. No associations were found with cleaning or straightening woodpiles,
trash piles, or compost heaps. HPS case-patients were more
likely to assist in animal births than were far controls.
Case-patients were more likely than household and near
controls to report a nondisabling chronic medical problem
and were more likely than near controls to report an autoimmune or hyperimmune disorder, such as allergies or asthma.
Exposure to insects or ectoparasites (fleas, ticks, mosquitos,
mites, gnats, lice) was not associated with HPS. There was no
association between HPS and consumption of specific food
(pinon nuts, unpasteurized milk, home-butchered meat, commodity foods). Recreational activities (running, hiking,
hunting, fishing), domestic or occupational activities (weaving, wood gathering, hay hauling), group activities, traditional ceremonies, and travel were not associated with HPS.
Among all participants, female subjects (67*) were more
likely than male subjects (33*) to clean food storage areas in
the home, and males (61*) were more likely than females
(39*) to handle a dead mouse. No other associations were
found between subjects' sex and the risk activities identified.
There were no associations between underlying chronic medical condition and risk activities.
Rodent trapping. More small rodents were trapped at
case households than at near control (P = .03) or far control
(P = .02) households (figure 1A). The seroprevalence of
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Rodents
Rodents
No.
No.

Case
Households

Near
Controls
(p = 0.03)

Far
Controls
(p = 0.02)

Case
Households

Near
Controls
(p = 0.57)

Far
Controls
(p = 0.48)

positive
Positive
%
%

Figure 1. A, Numberof small rodentstrappedat case, nearcontrol, and far control households. B, Seroprevalenceof hantavirus
antibodiesin Peromyscusspeciesat case, nearcontrol, and farcontrol households. Wilcoxon signed-rankP value for comparisonof
findingsfrom case households shown in parentheses.
hantavirus antibodies in Peromyscus animals was not significantly different between case and control households (figure
IB). Peromyscus rodents (P. maniculatus, deer mouse; P.
truei, pinon mouse; P. boylii, brush mouse) were the most
commonly captured (68*, 1139/1687) and had the highest
seroprevalence of hantavirus (27*, 304/1139) [ 12]. Seropositive Peromyscus animals were trapped in and around the
household of the 4 persons who declined to be interviewed.
Multivariate analysis. Results of analysis of variables retained in the final multivariate model for household controls
and the final multivariate models controlling for the number
of small rodents trapped at near and far control households
are shown in table 3. Case-patients were more likely than
household controls to hand plow and to clean feed storage
areas in adjacent structures. Case-patients were more likely
than near controls to plant a domestic crop and more likely
than far controls to be a herder or to clean animal sheds.
Discussion
This study is the first to identify specific risk factors for
HPS and the first epidemiologic investigation of any hanta-
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Table 3. Odds ratios (ORs) and 95* confidence intervals (95* CIs) for factors associated with HPS in multivariate analysis controlling for
the number of small rodents trapped at near and far control households.
Householdcontrols*
OR
Hand plow
Plant a domestic crop
Occupationas herder
Jewelrymaker
Clean feed storageareasin
adjacentstructures
Clean structureswhere
animalsare maintained
Chronicmedical problem
cHousehold

12.3
102.0

95%CI

Near controls
P

1.1-143

0.05

0.4-28,305

0.1

33.4

1.7-666

0.02

13.4
7.0

0.5-339
0.9-54

0.1
0.06

Far controls

OR

95%CI

P

OR

95%CI

P

6.2

1.1-34

.04

18.5
433.0

0.7-479
2.8-67,508

.08
.02

7.3

0.5-117

.16

1.4-103

.02

5.8

0.7-48

.1

11.9

comparisonscontrolled for numberof small rodentsby study design.

virusto integraterodenttrappingdatawith interviewdatafor
cases and controls.Severalfindingsemergedrepeatedlyfrom
univariateand multivariatecomparisonof case-patientswith
3 control groups:A greaternumberof small rodentsat case
households,contact with rodents,agriculturalactivities,and
peridomesticcleaning activities were associated with HPS.
These findingsare the basis of guidelines for riskreduction.
Trapping rodents and handling dead mice was consistently associated with HPS in the univariate analysis. A
largernumberof small rodentswere capturedby investigatorsat case householdsthanat controlhouseholds.However,
trappingrodents and handling dead mice by case-patients
was not associatedwith HPS in the multivariatemodels controllingfor the numberof rodentscapturedby investigators,
suggestingthatcase-patientsmay have been morelikelythan
controls to trap rodents because they had a larger rodent
infestationat the household. Handlingtrappedrodentsmay
result in transmission,or placement of traps in enclosed
spaces or other activitiesinvolved in trappingmay allow inhalation of aerosolized rodent excreta or infected particulates. Similarly, planting, hand plowing, and peridomestic
cleaningactivitiesmay expose personsto hantavirusthrough
the activity or through removing needed tools or cleaning
supplies from enclosed spaces.
Self-identificationof occupationas a herderwas associated
with HPS;however,specificherdingactivitieswere not. This
distinction suggests that activities of occupational herders,
such as opening seasonallyabandonedstructures,may influence risk more than the activity of herding.In early spring,
AmericanIndianherdersexpand theirherdingrangeand reopen small structuressuch as hogans at "sheep camps"that
have been closed duringthe winter.This type of riskis seen
in Scandinavia,wherevacationersopening vacantcabinsare
at increasedriskfor Puumalavirusinfection [2, 14]. In addition, laborersin China who camp in huts during seasonal
agriculturalwork in grain fields are at higherrisk of hantavirus infection [15].

The associations between nondisabling chronic medical
conditionsand HPS, includingthe associationbetween a hyperimmuneor autoimmunedisorderand HPS in the univariate analysis,suggestthat host factorsmayaffectthe development of HPS in some patients. An aberrant immune
responsecould be partof an immunopathophysiologicmechanism of HPS in patientswith a preexistingautoimmuneor
hyperimmunedisorder,as is seen with lymphocyticchoriomeningitisvirus[16]. Most reportedHPS patientshave been
20-50 years of age, which is the same age group predominantly affectedby other hantaviruses[17]. Lackof patients
who are very young may reflectthe role of the immune response in the pathophysiologyof HPS.
Alternatively,the absence of cases among the very young
and the elderlymay reflectage-specificperidomesticor occupationalactivitiesassociatedwith exposure.Manyof the risk
activities identifiedare common household chores that are
not sex-specific,a findingsupportedby the nearlyeven number of male and female case-patientsand the relativelyfew
associations between sex and the risk activities identified.
This is a distinctepidemiologiccharacteristicof newly recogHPSin the southwesternUnited
nized hantavirus-associated
States,since other known hantavirusespredominantlyaffect
males, presumablybecauseof occupationalriskactivities[ 13, 17].
The occurrenceof the first recognized outbreakof HPS
duringspringand summermay be due in partto an increased
likelihood of certain activities during these months. However, an unusualpopulationincreaseof P. maniculatusduring the springof 1993 may be the most importantfactorfor
this outbreak[18]. IncreasedPuumalavirusinfectionis seen
in Scandinaviaduring years when the natural host (bank
vole, Clethrionomys
glareolus)is abundant[14, 19].
Only 1.3* of eligiblecontrolshad detectablelevels of hantavirus IgG antibodies and none had IgM, suggestingthat
subclinicalhantavirusinfectionin the Southwestis not common. This findingis consistentwith a studyof ^00 persons

JID 1995:171 (April)

A Case-Control Study of HPS

who sought health care for mild illness duringthe 1993 outbreak,which showed an IgG seropositivityrateof 1.0* [20].
In addition,serumsamplescollected in 1991 and 1992 from
persons living in the outbreakarea as part of a nutritional
survey had an IgG seropositivityrate of 1.1* [21]. These
findings suggest that infection with the newly recognized
hantavirushas a very high likelihood of causing HPS. The
prevalenceof hantavirusantibodies in the Southwestis remarkablysimilar to the seroprevalenceof 1.2* in persons
living in areaswherewild rat-associatedhantavirushas been
epidemic in China [22].
Differencesin the risk factors identified in the comparisons with each of the 3 control groupsin the univariateand
multivariateanalyses may be due to the small number of
case-patients,the variablenumberof controls,or the heterogeneous nature of disease transmission.Case-patientsand
household controls lived in the same household; therefore,
these comparisonsallowed assessmentof the associationbetween HPSand variousactivitieswith the same potentialfor
domestic rodent exposure. Comparisonsbetween the casepatientsand nearand farcontrolsallowedassessmentof associations between HPS and the same activitieswith different
levels of rodentpopulationdensity.
Limitationsof this study may include an ascertainment
bias in the retrospectiveidentificationof cases, because autopsies are not routinelydone on personsliving in the area.
A withdrawalbias may have been caused by the refusalof 4
case-patients to be interviewed. An interviewer bias may
have been caused by the lack of blinding of interviewersto
the case or control statusof subjects.Recall bias fromsurrogate interviewingor from the widespreadmedia coverageof
the outbreakmay have overestimatedor underestimatedthe
odds ratios.
The findingsof this study suggestthat eliminatingrodents
from human environmentsis the basis for prevention.Specific measuresto reduce risk for hantavirustransmissioninclude preventionof rodent entry into buildings,eradication
of rodents from buildings, and removal of potential food
sourcesand rodent nesting sites [23]. Cleaningand agriculturalactivitiesin rodent-infestedareas should be done after
ventilationand disinfectionprocedureshave been followed.
Heightened precautions, including the use of masks with
high-efficiency particulate air filters, may be needed in
heavily infested environments. Additional studies are
needed to define the potentialriskof activitiesin open versus
closed spacesand the potentialfor householdversusoccupational exposure. These recommendationsare most applicable for persons living in ruralareas, as most HPS case-patients lived in or visited ruralareas during their presumed
incubation period. Sporadiccases of HPS caused by newly
recognizedhantavirusescontinue to be identifiedover a wide
area of the United States [24, 25]. Reduction of human exposureto rodents,rodentexcreta,and contaminatedparticu-
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lates should decrease hantavirus-associatedmorbidityand
mortality.
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